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Understanding the machinery that decides proteins’ fate by tagging them with ubiquitin is an important goal
of structural biology. Benirschke et al. (2010) have solved the structure of human E4B (or UFD2a), a U-box-
containing protein that functions both as an E3 Ub ligase and as an E4 polyUb chain elongation factor.Ubiquitin (Ub), a highly conserved 76
amino acid protein present in all eukary-
otes, is one of the most elegant examples
of how the same protein can regulate quite
divergent cellularpathways (Pickart, 2001).
Ubiquitination is in fact involved in quite
diverse cellular processes that include
transcription, subnuclear trafficking, pro-
tein degradation, cell cycle progression,
viral infection, and immune response.
In all these processes, Ub is added as
a posttranslational marker to protein
substrates. Attachment occurs through
the z-amino group of a lysine residue on
the substrate and the Ub C-terminal
carboxyl group, and can involve either
a single Ub molecule or polyUb chains in
which Ub molecules are linked to one
another through any of the seven lysine
residues present in the protein. Formation
of polyUb chains of different linkage types
seems to provide functional specificity
that dictates the fate of themarked protein
(Pickart and Fushman, 2004).
As in other metabolic pathways, Ub
conjugation to substrates is achieved
through a complex and very specific ma-
chinery. It involves three steps, as illus-
trated in Figure 1. First, a conserved
cysteine residue of the Ub-activating
enzyme E1 forms a thioester bond with
the C-terminal carboxyl group of Ub in an
ATP (adenosine triphosphate)-dependent
reaction. E1 subsequently binds to an
Ub-conjugating enzyme E2, which
accepts Ub on another conserved
cysteine. Finally, E2 interacts with an Ub
ligase (E3), which recognizes the target
and promotes the transfer of Ub to its ulti-
mate destination on the final substrate. To
add complexity to this already complex
picture, some E3 enzymes also have the
capacity of elongating polyUb chains and
are then classified as E4. The boundarybetween E3 and E4 enzymes is, however,
somewhat blurry (Hoppe, 2005).
The most remarkable feature of the Ub
conjugation machinery is the extraordi-
nary diversity of its substrates. This
feature reflects directly the large variety
of E3 enzymes, the most abundant
members of the ubiquitination cascade.
E3s are modular proteins made up of
a conserved E2-binding domain coupled
to a substrate interaction region, which
is highly variable. They have been classi-
fied into three protein families, according
to the sequence of their E2-binding
domain: they comprise the Homologous
to E6APCarboxy Terminus (HECT), Really
Interesting New Gene (RING), and UFD2
homology (U-box) domains. Substrate
recognition can occur through direct
protein-protein interaction, or through
adaptor or chaperone proteins. Whereas
HECT- and RING-domain E3 ligases
have been studied extensively, much
less is known about the U-box proteins
and about the way they interact with their
E2 mates.
It is in this context that the recent work
by Benirschke et al. (2010) should be in-
serted. The authors have solved the struc-
ture of human E4B, also called UFD2a,
a U-box-containing protein that functions
both as an E3 Ub ligase and as an E4
polyUb chain elongation factor. Currently,
there is only one substrate with which
E4B directly acts as an E3 ligase. In all its
other known substrates, E4B elongates
the initial Ub chains generally only three
Ubmolecules or less long, added by other
Ub ligases to these substrates. From this
comes the designation of E4B as an E4
chain elongation factor (Koegl et al., 1999).
E4B is thought to participate in the pro-
teasomal degradation of misfolded or
damaged proteins through associationStructure 18, August 11, 2010with a number of partners, among which
are the AAA ATPase p97 or VCP, which
is involved in transporting misfolded
proteins from the endoplasmic reticulum
to the cytoplasm, and Rad23 and Dsk2,
which both bind to the proteasome
directly.
Using an elegant approach supported
both by nuclear magnetic resonance
(NMR) and X-ray crystallography tech-
niques, the authors of the paper appear-
ing in this issue of Structure have deter-
mined the structures of E4B U-box both
in its free form and bound to the UbcH5c
and Ubc4 E2s. The nature of the interac-
tion is also quantified by calorimetric
studies. The study of Benirschke et al.
(2010) adds new interesting information
on E4B. First, the authors show that the
U-box domain of E4B is a monomer,
unlike all other U-box domain-containing
proteins (most notably CHIP and Prp19),
which have been shown to be homo-
dimers. This result is convincingly sup-
ported by light scattering and is fully
consistent with an earlier report on the
mouse E4B U-box (Nordquist et al.,
2010). The difference is clearly explained
by the unique electrostatic properties of
the E4B U-box, which could be necessary
to keep the entire surface of the elongated
body of E4B open for binding its many
partner proteins.
Second, the authors show that there is
possible allostery in E2-conjugating
enzymes induced by the presence of the
E4B U-box. This would not be the first
example, since it is the case also in two
RING domain ligases (Ozkan et al., 2005)
where it has been shown that their inter-
action with the E2-conjugating enzyme
UbcH5a increases the rate of Ub release
from the active site cysteine of E2. The
UbcH5a residues necessary for thisª2010 Elsevier Ltd All rights reserved 891
Figure 1. Ubiquination Pathway
Overview of the enzymes required to ubiquitinate a substrate. Enzymes
are color coded as E1 (tan), E2 (brown), E3 (green), ubiquitin (blue),
substrate (red), and substrate lysine (yellow). The symbol  indicates
a covalent linkage between ubiquitin and the listed enzyme. Structures
used are from PDB files 3A33, 3CMM, 3KTF, and 1FBV. Experimentally
derived complexes are shown where available, but are otherwise
roughly modeled from the free structures.
Structure
Previewsenhancement are conserved
and correspond to Ubc4 and
UbcH5c residues that were
affected most strongly upon
introduction of the E4B U-box
in the current study.
Finally, from a more technical
point of view, it is interesting to
see how NMR techniques for
the direct detection of hydrogen
bonds through measurements
of the long-range h3JNC0 scalar
couplings, introduced more
than a decade ago (Cordier and
Grzesiek, 1999) but seldom
used, can provide new and
useful information on protein
stability. This approach was
used here to support the pres-
ence of a network of hydrogen
bonds that substitute the coor-
dination of Zn2+ ions observed
in the similarly folded RING
domain (Ohi et al., 2003).
Overall, the study by Be-
nirschke et al. (2010) comple-
ments and extends previously
published structures of budding
yeast Ufd2 (Tu et al., 2007) and
human UbcH5c bound to Ub
(Brzovic et al., 2006), andprovides a molecular framework to better
understand the mechanism by which
U-box-containing ubiquitin ligases func-892 Structure 18, August 11, 2010 ª2010 Elstion. Much more work remains to be
done to fully understand the Ub code
and its role in protein signaling.evier Ltd All rights reservedREFERENCES
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High quality images of microtubules with different numbers of protofilaments, and hence substantially
different curvatures, have been reconstructed from electron microscopy (EM) data (Sui and Downing,
2010). The data show how three versatile loops that mediate lateral interactions allow microtubules to be
strong without being brittle.Tubes are ideal scaffolding structures,
so it is not surprising that evolution has
provided eukaryotic cells with microtu-
bules as intracytoplasmic supports that
can be quickly assembled and disas-sembled. However, these protein com-
plexes are considerably more sophisti-
cated than the scaffolding poles used in
man-made building construction—not
least of course due to their ability to self-organize. One of their smart adaptations,
which has only become apparent after
much detailed observation, is being rather
flexible when first assembled, but
becoming stiffer over time. Thus, there
